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A method for layout design includes steps or acts of: receiv 
ing a layout for design of an integrated circuit chip; designing 
mask shapes for the layout; transmitting the mask shapes to a 
litho simulator for generating Wafer shapes; receiving the 
Wafer shapes; calculating electrically equivalent gate lengths 
for the Wafer shapes; analyZing the gate lengths to check for 
conformity against a threshold value, Wherein the threshold 
value represents a desired value of electrically equivalent gate 
lengths; placing markers on the layout at those locations 
Where the gate length violates the threshold value; and gen 
erating a histogram of gate lengths for comparing layouts for 
electrically equivalent gate lengths for layout quality. 
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LAYOUT QUALITY GAUGE FOR 
INTEGRATED CIRCUIT DESIGN 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED-RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

INCORPORATION BY REFERENCE OF 
MATERIAL SUBMITTED ON A COMPACT DISC 

[0003] Not Applicable. 

FIELD OF THE INVENTION 

[0004] The invention disclosed broadly relates to the ?eld 
of integrated circuit design and more particularly relates to 
the ?eld of physical design of layouts in the design of inte 
grated circuits. 

BACKGROUND OF THE INVENTION 

[0005] A computer programmed With appropriate com 
puter-aided design (CAD) software, called design-rule veri 
?cation tools, is normally used to verify that a design of an 
integrated circuit (IC) chip conforms to certain predeter 
mined tolerances that are required in its fabrication. These 
predetermined tolerances are often formatted as “rules” that 
are used by the design-rule veri?cation tools to con?rm that 
the IC layout does not violate any of the design rules. The 
process that con?rms conformance of the layout of the IC to 
the design rules is called “design rule check” (DRC). 
[0006] Examples of DRC rules to be used in checking an IC 
design include minimum Width, minimum spacing betWeen 
elements of a circuit, minimum Width of notches, checks for 
acute angles and self-intersecting polygons, and enclosure 
and overlap checks. Such DRC rules can be applied to actual 
layers that are to be fabricated in the chip. Such DRC rules can 
also be applied to layers (called “derived layers”) that are 
formed by logical operations (such as NOT, AND, OR, and 
XOR) on actual or derived layers or some combination 
thereof, as described in, for example, pages 164-166 of a book 
entitled “Principles of CMOS VLSI Design, A Systems Per 
spective,” second edition, by Neil H. E. Weste and Kamran 
Eshraghian, published by Addison-Wesley Publishing Com 
pany that is incorporated by reference as if fully set forth 
herein. 
[0007] The goal in layout design, as alWays, is to reduce 
siZe and cost While improving the performance of the design. 
With the current trend of placing more and more transistors 
on a chip, this is becoming increasingly dif?cult. This trend 
results in shorter gate lengths Which are more desirable to 
increase speed. The drawback With shorter gate lengths is that 
they produce more leakage. 
[0008] In VLSI (Very Large Scale Integration) design, the 
common cell design library includes enough different cell 
types (latch, local clock buffer, gate level parameteriZed cells 
to name a feW) to alloW nearly any circuit to be implemented, 
avoiding the complexity of the hundreds of different macro 
calls that Would be required by a commercial system. Tradi 
tionally, one circuit layout is considered superior to another 
by any one of the folloWing reasons: circuit area, electrical 
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characteristics, accessibility, via number (redundant con 
tacts), timing distribution, poWer distribution. 
[0009] Traditionally, layouts are considered valid if they 
satisfy the design rules Whose validity has been determined 
by an integration team. The process is typically executed in 
VLSI CAD (Computer Aided Design) tools such as DRC 
CAD tools. (see US. Pat. No. 6,606,735, 2003, Richardson 
and Rigg: Method and system for using error and ?lter layers 
in each DRC rule). Referring to FIG. 1, there is shoWn an 
illustrative example of the traditional processing ?oW for a 
VLSI chip design. The input to the tool is the input layout in 
step 010. This input layout is then sent to a DRC tool in step 
020 to check if the layout satis?es the design rules or it 
requires changes. 
[0010] Once the layout is checked, for purposes of manu 
facturing, the design undergoes the processes of dataprep to 
transform the draWn shapes into mask shapes that are able to 
be printed by the litho tools and the resulting Wafer shapes are 
then expected to conform to draWn shapes and the mask 
shapes are output in step 030. 
[0011] Once a layout is declared “DRC clean,” the VLSI 
designer no longer plays a role in the dataprep process. 
[0012] Out of necessity, integrated circuit chip siZe is 
changing, along With the computer systems in Which they are 
housed. Computers are becoming smaller and With the 
decrease in siZe We see an increase in their processing poWer. 
Chips must be thinner and many of them are noW being 
stacked. With this increasing density and decreasing gate 
lengths, it is becoming critical to address the issue of unifor 
mity of the printed electrically equivalent gate lengths. 

SUMMARY OF THE INVENTION 

[0013] Brie?y, according to an embodiment of the inven 
tion a method for layout design includes steps or acts of: 
receiving a layout for design of an integrated circuit chip; 
designing mask shapes for the layout; transmitting the mask 
shapes to a litho simulator for generating Wafer shapes; 
receiving the Wafer shapes; calculating electrically equivalent 
gate lengths for the Wafer shapes; analyZing the gate lengths 
to check for conformity against a threshold value, Wherein the 
threshold value represents a desired value of electrically 
equivalent gate lengths; placing markers on the layout at those 
locations Where the gate length violates the threshold value; 
and generating a histogram of gate lengths for comparing 
layouts for electrically equivalent gate lengths for layout 
quality. 
[0014] According to an embodiment of the present inven 
tion. a layout quality gauge for assessing and enforcing layout 
quality in terms of uniformity of gate lengths derived from 
Wafer shapes, includes: a tool con?gured for obtaining a 
description of a plurality of gates on the layout; a tool con 
?gured for obtaining a description of process variability; a 
tool con?gured for obtaining Wafer shapes for the plurality of 
gates; a tool con?gured for describing the layout by measur 
ing the device dependent electrically-equivalent gate lengths 
of the plurality of gates from their corresponding Wafer 
shapes; a tool con?gured for measuring the device dependent 
electrically-equivalent gate lengths With respect to device 
on-current and/ or device off-current of the plurality of gates 
from their corresponding Wafer shapes; a tool con?gured for 
determining any gate Within the plurality of gates that violates 
a predetermined uniformity of gate length threshold; a tool 
con?gured for ?agging the gates that violate the threshold 
limit With a marker on the layout; and a tool con?gured for 
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enabling enforcement and compliance of the layout to the 
layout quality uniformity requirements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] To describe the foregoing and other exemplary pur 
poses, aspects, and advantages, We use the folloWing detailed 
description of an exemplary embodiment of the invention 
With reference to the draWings, in Which: 
[0016] FIG. 1 depicts the processing ?oW for VLSI chip 
layout according to the knoWn art; 
[0017] FIG. 2 depicts the processing ?oW for VLSI chip 
layout, according to an embodiment of the present invention; 
[0018] FIG. 3 is a simpli?ed block diagram shoWing the 
components of a layout quality gauge, according to an 
embodiment of the present invention; 
[0019] FIG. 4 is a How chart of the process of implementing 
the layout quality gauge, according to an embodiment of the 
present invention; 
[0020] FIG. 5 is an example of a layout Where the plurality 
of gates on the layout are annotated by serial identi?cations; 
[0021] FIG. 6 is a plot of the electrically equivalent gate 
lengths of the plurality of gates in FIG. 5 shoWing that if a 
threshold is set at 62 nm, gate With a serial identi?cation of 22 
is a violating gate; 
[0022] FIG. 7 is an example of a marker, shoWn by the 
circle, placed on the location of the layout With a serial iden 
ti?cation 22 that is found to violate the equivalent gate thresh 
old; and 
[0023] FIG. 8 is an example of a histogram created accord 
ing to an embodiment of the present invention Which shoWs 
the results on tWo versions, uncorrected and corrected, of a 
layout. 

DETAILED DESCRIPTION 

[0024] We describe a layout quality gauge for aVLSI Wafer 
for assessing layout quality in terms of the uniformity of gate 
lengths derived from Wafer shapes. The layout quality gauge 
presented by this invention provides this capability to design 
ers, IP RevieWers as Well as EDA toolkits for VLSI. It is 
becoming increasingly important to provide the VLSI design 
and the intellectual property (IP) revieW teams With a reliable 
gauge that measures layout quality in terms of uniformity of 
gate lengths derived from Wafer shapes and more importantly, 
to be able to diagnose and ?x outliers on the layouts in the 
technology design library. 
[0025] Referring noW to the draWings and more particularly 
to FIG. 2, there is shoWn a high level processing ?oW Which 
has been instrumented With a layout quality gauge 120 and 
processes the input layout 110 to output quality metrics 130 
by checking the quality of the physical layouts of VLSI 
designs according to the present invention. 
[0026] Referring noW to FIG. 3, there is shoWn a simpli?ed 
block diagram of the components of a layout quality gauge 
300 con?gured to operate according to an embodiment of the 
present invention. The gauge 300 includes the components 
described beloW. Note that these are logical constructs and are 
not necessarily separate devices. 
[0027] Gate Description Tool 310: obtains a description of 
the gates on the layout. 
[0028] Process Variability Description Tool 320: obtains a 
description of the process variability. 
[0029] Wafer Shapes Tool 330: obtains Wafer shapes for the 
gates for the process conditions described by 320. 
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[0030] Gate Length Measuring Tool 340: measures the 
device dependent electrically-equivalent gate lengths of the 
gates With respect to the device on-current from their corre 
sponding Wafer shapes. 
[0031] Gate Length Off-Current Measuring Tool 350: mea 
sures the device dependent electrically-equivalent gate 
lengths of the gates With respect to the device off-current from 
their corresponding Wafer shapes. 
[0032] Comparator Tool 360: acts as a comparator to deter 
mine any gate that violates a predetermined uniformity 
threshold description. 
[0033] Flag Tool 370: ?ags the gates that violate the thresh 
old With a marker on the layout. 
[0034] Enforcement and Compliance Tool 380: enables 
enforcement and compliance of the layout to the layout qual 
ity gate length uniformity prescription. 
[0035] Referring to FIG. 4 there is shoWn a How chart 
illustrating the process for chip design, implementing the 
layout quality gauge for assessing uniformity of gate lengths, 
according to an embodiment of the present invention. The 
process begins upon receipt of the layout from the designer’s 
desk or from an IP library in step 410. At this point the layout 
undergoes the Plan of Record DataPrep, including optical 
proximity correction and resolution enhancement technology 
(POR OPC/RET) selection in 415 to generate mask shapes. 
[0036] In step 420 the process probability density distribu 
tions are used to determine the process WindoW of the litho 
printer. Thus the parameters of the printing process such as 
the exposure focus, exposure dose, etch, overlay and mask 
error are chosen to perform litho simulation. 
[0037] Next, in step 430 the mask shapes are sent to a litho 
simulator to generate Wafer shapes in the form of contours 
throughout the process WindoW. Following in step 440, the 
contours are processed through a shapes processor to com 
pute gates over the layout for each process point in the process 
WindoW. 
[0038] Step 450: The gate lengths are noW determined, not 
by their geometrical characterizations, but by the device mod 
els to calculate equivalent gate lengths using both the delay 
and leakage tables (as described in “ToWards Through-Pro 
cess Layout Quality Metrics,” Fook-Luen Heng, Jin-fuW Lee, 
and Puneet Gupta, Proceedings of the SPIE, Vol 5756, pp 
1 61 - l 67). 

[0039] Step 460: Using the process parameters probability 
density distributions, a Monte Carlo analysis over the process 
WindoW determines the median and 3 sigma of the gate 
lengths of gates over the layout and checks against a threshold 
value for the equivalent gate length speci?ed and indepen 
dently determined by the designer of the integrated circuit. 
The Monte Carlo method ?nds the de?nite integral of a func 
tion by selecting a large number of independent-variable 
samples at random from Within an interval or region, averag 
ing the resulting dependent-variable values, and then dividing 
by the span of the interval or the siZe of the region over Which 
the random samples Were chosen. 
[0040] Note, up to this point, the process establishes a com 
puting methodology. This is noW folloWed by the folloWing 
tWo steps to become a layout quality gauge for measuring and 
checking the uniformity of electrically equivalent gate 
lengths across the integrated circuit layout: 
[0041] Step 470: Using the threshold value speci?ed in step 
460 by the designer to meet his performance target, markers 
are placed on the layout on those locations Where the gate 
length violates the threshold (the outliers). A CAD tool may 
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be used to set the markers. FIG. 5 shows an example of a 
layout Where the plurality of gates on the layout are annotated 
by serial identi?cations. 
[0042] FIG. 6 is a plot of the electrically equivalent gate 
lengths of the plurality of gates in FIG. 5 shoWing that if a 
threshold is set at 62 nm, the gate With a serial identi?cation 
of 22 is a violating gate. FIG. 7 is an example of a marker, 
shoWn by the circle, placed on the location of the layout With 
serial identi?cation 22 that is found to violate the equivalent 
gate threshold (an outlier). The number and magnitude of the 
violation serves as a layout quality. 
[0043] Step 480: A histogram of median equivalent gate 
lengths 3 sigmas over the layout may be generated to compare 
layouts for layout quality. FIG. 8 shoWs an example of a 
histogram Which can be used as a gauge, according to an 
embodiment of the present invention in Which the results on 
tWo versions, an uncorrected original and a corrected version 
of a layout, originally containing an outlier as indicated in 
FIG. 7, are shoWn. 
[0044] In step 490 the designer can then ?x the outliers and 
select the layout style that provides the highest quality design. 
Alternatively, the VLSI Designer may elect to choose any 
layout. 
[0045] The method as described above may be performed 
for a second party user such as a client, for a fee. 
[0046] Therefore, While there has been described What is 
presently considered to be the preferred embodiment, it Will 
be understood by those skilled in the art that other modi?ca 
tions can be made Within the spirit of the invention. 

1. A layout quality gauge for assessing and enforcing lay 
out quality in terms of uniformity of gate lengths derived from 
Wafer shapes, the gauge comprising: 

a tool con?gured for obtaining a description of a plurality 
of gates on the layout; 

a tool con?gured for obtaining a description of process 
variability; 

a tool con?gured for obtaining Wafer shapes for the plural 
ity of gates for the process description; 

a tool con?gured for describing the layout by measuring 
the device dependent electrically-equivalent gate 
lengths of said plurality of gates from their correspond 
ing Wafer shapes; 

a tool con?gured for measuring the device dependent elec 
trically-equivalent gate lengths of said plurality of gates 
from their corresponding Wafer shapes that are equiva 
lent With respect to device off-current; 

a tool con?gured for determining any gate Within said 
plurality of gates that violates a predetermined unifor 
mity of gate length threshold; 

a tool con?gured for ?agging the gates that violate the 
threshold by placing a marker on the layout; and 

a tool con?gured for enabling enforcement and compliance 
of the layout to the said layout quality uniformity 
requirements of the designer. 

2. The layout quality gauge of claim 1 Wherein the tool 
con?gured for ?agging the gates is a computer-aided design 
tool. 

3. The layout quality gauge of claim 1 Wherein the tool 
con?gured for measuring the device dependent electrically 
equivalent gate lengths uses a Monte Carlo method. 

4. The layout quality gauge of claim 1 Wherein at least one 
of the tools is implemented as softWare. 

5. The layout quality gauge of claim 1 Wherein at least one 
of the tools is implemented as hardWare. 
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6. The layout quality gauge of claim 1 Wherein at least one 
of the tools is implemented as ?rmWare. 

7. The layout quality gauge of claim 1 further comprising: 
at least one delay current table; and 
at least one leakage current table. 
8. The layout quality gauge of claim 7 Wherein the tool 

con?gured for describing the layout quality by measuring the 
device dependent electrically-equivalent gate lengths com 
prises device models to calculate equivalent gate lengths 
using both the delay and the leakage tables. 

9. The layout quality gauge of claim 1 further comprising: 
a litho simulator. 
10. The layout quality gauge of claim 1 Wherein the tool 

con?gured for enabling enforcement and compliance com 
prises a tool for generating a histogram of gate lengths across 
the layout and across the process WindoW. 

11. A method for layout design, the method comprising 
steps of: 

receiving a layout for design of an integrated circuit chip; 
obtaining mask shapes designed for the layout; 
transmitting the mask shapes to a litho simulator for gen 

erating Wafer shapes; 
receiving the Wafer shapes from the litho simulator; 
calculating electrically equivalent gate lengths for the 

Wafer shapes; 
analyZing the gate lengths for conformance to threshold 

values, Wherein the threshold values represent accept 
able values of electrically equivalent gate lengths; 

placing markers on the layout at those locations Where the 
gate length violates the threshold value; and 

generating a histogram of the gate lengths for comparing 
layouts for layout quality by checking conformity to 
speci?ed variations of electrically equivalent gate 
lengths. 

12. The method of claim 11 Wherein the analyZing step 
comprises implementing a Monte Carlo method. 

13. The method of claim 11 Wherein the calculating step 
comprises a step of: 

determining gate lengths by device models to calculate 
equivalent gate lengths using both delay and leakage 
tables. 

14. The method of claim 11 Wherein the step of placing 
markers comprises using a computer-aided design tool. 

15. The method of claim 11 Wherein the step of generating 
the histogram comprises steps of: 

graphically representing a number and magnitude of out 
liers, Wherein the outliers are the gate lengths that violate 
the threshold value; and 

using the graphical representation as the layout quality 
gauge. 

16. The method of claim 11 further comprising a step of: 
?xing the outliers. 
17. The method of claim 11 Wherein at least one of the steps 

is performed by program code executed as softWare. 
18. The method of claim 1 further comprising a step of: 
annotating the gates on the layout using serial identi?ca 

tion. 
19. A computer program product tangibly embodied on a 

computer readable medium and comprising code that, When 
executed, causes a computer to perform the folloWing: 

receive a layout for design of an integrated circuit chip; 
obtain mask shapes designed for the layout; 
transmit the mask shapes to a litho simulator for generating 

Wafer shapes; 
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receive the generated Wafer shapes from the litho simula 
tor; 

calculate electrically equivalent gate lengths for the Wafer 
shapes; 

analyze the gate lengths to check conformity against a 
threshold value, Wherein the threshold value represents a 
desired value of electrically equivalent gate length; 

place markers on the layout at those locations Where the 
gate length violates the threshold value; and 

generate a histogram of gate lengths for comparing layouts 
for layout quality by checking conformity to speci?ed 
variation of electrically equivalent gate lengths. 

20. A system for providing a service, the system compris 
ing: 

a memory having program code stored therein; 
a processor operatively connected to said memory for car 

rying out instructions in accordance With said stored 

Apr. 2, 2009 

program code; Wherein said program code, When 
executed by said processor, causes said processor to: 

receive a layout for design of an integrated circuit chip; 
obtain mask shapes designed for the layout; 
transmit the mask shapes to a litho simulator for generating 

Wafer shapes; 
receive the Wafer shapes; 
calculate electrically equivalent gate lengths for the Wafer 

shapes; 
analyZe the gate lengths to check conformity against a 

threshold value, Wherein the threshold value represents a 
desired value of electrical equivalence betWeen gates; 

place markers on the layout at those locations Where the 
gate length violates the threshold value; and 

generate a histogram of gate lengths for comparing layouts 
for layout quality by checking conformity to speci?ed 
variation of electrically equivalent gate lengths. 

* * * * * 


